INTRODUCTION

A United
States/New Zealand/Japan/China collaborative research project on the "Seismic Design of Reinforced Beam-ColumnSlab Joints" has been in progress during the last five years.
This collaborative research project was initiated because there are currently a number of differences between the approaches used for the seismic design of reinforced concrete beam-columnslab joints in building frames in earthquake regions of the world. For example, New Zealand design procedures are more conservative than United States procedures for some joint configurations and are less conservative than United States procedures for other joint configurations.
Japan and China have written new building codes for the seismic design of multistorey reinforced concrete moment resisting frames and are continuing to review the possible approaches. The major differences between the current design procedures of the various countries are in the quantities of transverse reinforcement required in joint cores for shear and confinement, and in the maximum allowable bar diameters permitted for longitudinal reinforcement passing through joint cores to satisfy bond requirements. Other significant differences in the design procedures also exist.
In the early 1980s the Applied Technology Council of the United states set up a project to review the test data and design approaches for reinforced concrete beamcolumn joints of various countries (ATC-08). The members of the review committee were mainly consulting engineers. In 1983 Mr. J.L. Stratta, chairman of the ATC review committee, suggested to Professor R. Park of the University of Canterbury and to Professor J.O. Jirsa of the University of Texas at Austin that United States and New Zealand research engineers should come together in a project on this problem. Professor H. Aoyama of the University of Tokyo, also expressed interest in such a project.
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The collaborative research project was set up in 1984 with the aims of (1) to achieve agreement on the mechanisms of behaviour of beam-column-slab joints of reinforced concrete building frames during earthquake loading and (2) to develop more unified design procedures for reinforced concrete buildings frames for earthquake resistance. These aims were to be achieved by carefully coordinated experimental testing and by discussion at meetings.
The principal investigators were to be from the University of Canterbury, the University of Texas at Austin and the University of Tokyo. Each assembly represents a particular portion of a building structure in the region of the junction of beams, columns, and slab floor.
THE FIRST AND SECOND MEETINGS AND THE AGREED TEST PROGRAMME
The three assemblies tested at the University of Canterbury and at the University of Texas at Austin are full-scale, and at the University of Tokyo the three assemblies are one-half scale. The overall dimensions of the full-scale assemblies are in the order of 3.5 m high and a maximum of 3.5 m x 3.5 min the Hence the project now formally involves four countries, which represents significant international collaboration.
The principal investigators for New Zealand are Professors T. Paulay and R. Park of the University of Canterbury.
A PhD student, Mr. Cheung P.C., has been conducting the tests. Testing of the three specimens at the University of Canterbury began in mid-_1986 and was completed in 1988. Financial support for the tests at the University of Canterbury has been provided by the Building Research Association of New Zealand ($33,900) , the Ministry of Works and Development ($33,500) , the University Grants Committee ($9,000) and the University of Canterbury. The full size of the test specimens, the large loading rig, the significant technician time involved, and the study award for the PhD student, have required this extensive support from outside agencies. 3101:1982) requirements for shear and bond in beamcolumn joint cores could be permitted. The current provisions of NZS 3101 were written a decade ago and the significant additional testing which has been conducted since that time indicates that those requirements could be made less severe.
THE THIRD MEETING
In particular the large amount of testing which has been conducted in Japan during the last 5 years, and the associated well coordinated committee work, is extremely impressive.
A wealth of data is now available from Japan which can be used to assess the effects of the main variables in beam-column joint design.
The seminar was extremely valuable in providing a large amount of information from the three countries involved. The opportunity to exchange views and to evaluate the test results of the three countries will result in a narrowing of the gaps between the design procedures of the three countries. The project has given the participants a much better insight into the design philosophies underlying the three national codes.
In over 30 short papers were presented during the three days, covering research, design and construction aspects. The small number attending allowed a free exchange of ideas between parties.
Although the main focus of the Meeting was beam-column joints, the presentations and discussion spilt over into design philosophies and future research needs.
Highlights from the writer's point of view were:
1. The presence of top researchers from all three countries, representatives of the five major construction companies in Japan, and leading designers from the US.
2. Clear evidence that Japan has carried out an enormous amount of research in earthquake engineering in the last few years, each construction company having large research departments.
3. The differences in underlying philosophy and approach between all countries.
This forum showed very clearly that each country conducts its research and approaches design in the framework of its own historical approach.
Although there is much in common, the differences may be summarised as follows: Japan relates results to drift but generally 1% drift corresponds to a displacement ductility of approximately 1.5.
5. Mechanisms of force transfer within the joint are generally agreed, although the relative contributions of strut action and truss action vary. Close attention was paid to the effectiveness of bond on the tension steel through the joint, including the effects of axial load. Generally axial load had a relatively small effect.
6. The influence of confining steel and beams at right angles was debated strongly. Here again comparisons were difficult because of the different approaches.
It seemed possible that the more demand placed on the joint, the more important confining steel may become. The same may apply to joint shear reinforcement.
Japan's larger design forces produce wider columns which eases bond problems in the joints.
7. The influence of slabs and slab steel on the performance of the joint was considered by a number of researchers using both theory and tests. This is a complex subject involving the development of forces by beam torsiqn and horizontal bending. Opinions differed as to the reliability of available extra strength and local damage.
While simple effective width formulae may not identify all the various mechanisms and complexities, they will suffice for allll.OSt an situations, especially in NZ where lightly reinforced toppings are conuion.
a. Bi-axial Effects 9.
10.
Testing was done in all three countries on sub-assemblies with orthogonal beams intersecting at the joint. 
